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© In a method of producing a semiconductor de- 
vice, when a device, for example, transistor, is 
formed in a prescribed region of compound semi- 
conductor layers including a low resistance layer 
which cannot be insulated by ion implantation, upper 
layers of the compound semiconductor layers in- 
cluding at least the low resistance layer are formed 
into a mesa shape by etching, and then ion im- 
plantation is performed to the compound semicon- 
ductor layers in a region other than the region be- 
neath the mesa structure. Thus, the device formed 
on the substrate is completely isolated from other 
regions on the substrate by the mesa-etching and 
the ion implantation. In the structure thus obtained, a 
level difference on the substrate due to the device is 
within a range that does not adversely affect the 
subsequent process steps, for example, a step of 
producing electrodes, in addition, materials and 
compositions of the compound semiconductor layers 
isolated by the mesa-etching are selected according 
to desired device characteristics without palying con- 
siderations on the insulation by ion implantation. 
Therefore, a degree of freedom in selecting materi- 



als and compositions of the compound semiconduc- 
tor layers formed on the semiconductor substrate 
increases, resulting in a high-performance device. 
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FIELD OF THE INVENTION 

The present Invention relates to a semiconduc- 
tor device and a production method thereof in 
which a device is formed in a prescribed region of 
compound semiconductor layers grown on a semi- 
conductor substrate and. more particularly to a 
method of Isolating the device from other regions 
on the semiconductor substrate. 

BACKGROUND OF THE INVENTION 

Figures 5(a) to 5(c) are diagrams illustrating a 
high electron mobility transistor (hereinafter re- 
ferred to as HEMT) formed on an InP substrate 
Included in a prior art semiconductor device, in 
which figure 5(a) is a top plan view and figures 5(b) 
and 5(c) are sectional views taken along lines Vb- 
Vb and Vc-Vc of figure 5(a). respectively. In these 
figures, a mesa structure comprising compound 
semiconductor layers, i.e., an intrinsic (hereinafter 
referred to as i type) InAIAs buffer layer 2. an i 
type InGaAs channel layer 3. an i type InAIAs 
spacer layer 4. an n type InAIAs electron supply 
layer 5, an i type InAIAs Schottky formation layer 6, 
an n type InAIAs layer 7, and a low-resistance n 
type InGaAs contact layer 8 with carrier concentra- 
tion of 2 X 10^^ cm3, is disposed on a portion of the 
InP substrate 1. A recess 11 penetrates through the 
InGaAs contact layer 8 and the InAIAs layer 7 to 
reach into the Schottky formation layer 6. A gate 
electrode 10 is disposed on the Schottky formation 
layer 6 exposed on the bottom of the recess 11 
and extended onto a portion of the substrate 1. 
Source and drain electrodes 9a and 9b are dis- 
posed on the mesa structure where the recess 1 1 
is absent and extended onto portions of the sub- 
strate 1. Preferably, the i type InAIAs buffer layer 2 
is 1000 - 1500 angstroms thick and each of the 
layers disposed on the buffer layer 2 is 100 - 400 
angstroms thick. Source and drain regions are 
formed in the n type InAIAs layer 7. Reference 
numeral 10a designates a bonding pad at an end 
of the gate electrode 10, to which wires from exter- 
nal devices or devices disposed on other regions 
of the InP substrate 1 are bonded, 

Rgures 6(a) to 6(d) illustrate process steps in a 
method of producing the HEMT. In the figures, the 
same reference numerals as In figures 5(a) to 5(c) 
designate the same or corresponding parts, and 
reference numeral 12 designates a photoresist pat- 
tern. 

Initially, there are successively grown on the 
InP substrate 1 . the i type InAIAs buffer layer 2, the 
i type InGaAs channel layer 3. the i type InAIAs 
spacer layer 4, the n type InAIAs electron supply 
layer 5. the i type InAIAs Schottky formation layer 
6. the n type InAIAs layer 7, and the n type InGaAs 
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contact layer 8, preferably by metal organic chemi- 
cal vapor deposition (MOCVD). Then, a photoresist 
pattern 12 is formed on the n type InGaAs contact 
layer 8 by conventional photolithographic tech- 

5 nique. Using the photoresist pattern 12 as a mask, 
the semiconductor layers 2 to 8 are etched by wet 
etching using tartaric acid or the like as an etchant 
to form the semiconductor layers 2 to 8 in a mesa 
shape as shown in figure 6{a). Thus, the mesa- 

70 shaped semiconductor layers are isolated from oth- 
er regions on the InP substrate 1 . Then, as shown 
in figure 6(b). the source and drain electrodes 9a 
and 9b are formed on prescrit>ed regions on the n 
type InGaAs contact layer 8, extending onto the 

75 surface of the InP substrate 1 . Then, recess etch- 
ing is carried out from the surface of the contact 
layer 8 while measuring a current flowing between 
the source and drain electrodes 9a and 9b, where- 
by the thickness of the i type InAIAs Schottky 

20 formation layer 6 in a gate region is adjusted to a 
desired thickness, resulting the recess 1 1 shown in 
figure 6(c). Thereafter, the gate electrode 10 is 
fomied on the i type InAIAs Schottky formation 
layer 6 exposed on the bottom of the recess 1 1 by 

25 lift-off. 

In operation, when a bias voltage is applied 
between the source and drain electrodes 9a and 
9b, a two-dimensional gas serving as a channel Is 
formed in the i type InGaAs channel layer 3 in the 

30 vicinity of Its boundary with the i type InAIAs spac- 
er layer 4, and a current flows through the channel. 
This current is controlled by a voltage applied to 
the gate electrode 10 to operate the transistor. 
In a semiconductor device produced by suc- 

35 cessively growing compound semiconductor layers 
on a semiconductor substrate and forming a device 
in a prescribed region of the compound semicon- 
ductor layers, like the above-described semicon- 
ductor device in which the HEMT is formed on the 

AO InP substrate, the thickness of the whole com- 
pound semiconductor layers must be larger than 
0.2 micron. In addition, in a field effect transistor 
having a recessed gate, like the above-described 
HEMT, the thickness of semiconductor layers be- 

45 tween the bottom of the recess, on which the gate 
electrode is formed, and the surface of the semi- 
conductor substrate must be larger than 0.2 mi- 
cron. 

Therefore, in a structure as shown in figure 5- 
50 (b), in which compound semiconductor layers on a 
semiconductor substrate are formed in a mesa by 
etching to isolate a device from other regions on 
the substrate, a difference in levels between the 
surface of the semiconductor substrate and the top 
55 of the mesa is more than 0,2 micron. In figure 5(b), 
since the HEMT includes the recessed gate, a 
difference in levels between the surface of the 
semiconductor substrate and the bottom of the 
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recess is more than 0.2 micron. In this structure, 
when an electrode is formed on the surface of the 
mesa or on the k)ottom of the recess extending 
onto the surface of the substrate, lift-off is usually 
employed as described above. More specifically, a 
photoresist film is formed on the mesa and its 
periphery, and a prescribed portion of the 
photoresist film is opened by photolithographic 
technique to form a mask pattern. Then, a metal for 
the electrode is deposited via the mask pattern, 
followed by removal of the mask pattern, resulting 
in an electrode. 

In forming a photoresist pattern by the above- 
described photolithographic technique, a reduced 
projecting exposure apparatus is generally used for 
exposure process thereof, and a resolution limit R 
of the reduced projection exposure apparatus is 
represented as follows: 

R = k1 X/NA (1) 

where NA is a numerical aperture of a projection 
lens, X is a wavelength of exposure light, and k1 is 
a constant indicating a lens performance, which is 
0.612 in a case of a spherical projection lens 
according to a theory by Rayleigh. It is known that 
it is possible to form a fine exposure pattern by 
Increasing the numerical aperture (NA). according 
to the equation (1 ). 

In forming a photoresist pattern on a substrate 
having a level difference of 0.2 micron or more, 
however, a depth of focus is reduced with an 
increase in the numerical aperture (NA), resulting in 
an insufficient exposure strength'. This makes it 
very difficult to project a fine exposure pattern 
having constant light intensity on the substrate hav- 
ing a level difference of 0.2 micron or more. There- 
fore, in forming a photoresist pattern having an 
opening of 0,25 micron or below in width is formed, 
a uniform width of the opening pattern is not ob- 
tained and the width also varies in a depth direction 
of the opening pattern. In this way. in forming the 
gate electrode 10 on the bottom surface of the 
recess 11 extending onto the surface of the InP 
substrate 1 by lift-off in the formation of the HEMT, 
if the opening of the photoresist pattern is fine- 
patterned in accordance with a desired width of the 
gate electrode of 0.25 micron or below, the result- 
ing gate electrode is not uniform in its thickness 
and width and, in some cases, the gate electrode Is 
discontinuous at the edge of the mesa structure, 
resulting in a HEMT with poor reliability. 

It is thought that this problem may be avoided 
if the device is isolated by implanting ions into 
regions where the device is not formed until the 
ions reach the substrate. In the InP system HEMT 
with the n type InGaAs layer 8 for contacting with 
electrodes as an uppermost layer, however, since 



the n type InGaAs layer is not insulated by ion 
implantation, the HEMT is not completely. When 
compositions of the respective compound semicon- 
ductor layers are determined so that these layers 
5 can be insulated by ion implantation, compositions 
of the respective layers preferable in view of device 
characteristics are not obtained. 

SUMMARY OF THE INVENTION 

10 

An object of the present invention is to provide 
a semiconductor device in which a level difference 
due to a device formed on a substrate is reduced 
and the device is completely isolated from other 
J5 regions on the substrate. 

Another object of the present invention is to 
provide a method for producing the semiconductor 
device. 

Other objects and advantages of the present 

20 invention will become apparent from the detailed 
description given hereinafter; it should be under- 
stood, however, that the detailed description and 
specific embodiment are given by way of illustra- 
tion only, since various changes and modifications 

25 within the spirit and scope of the invention will 
become apparent to those skilled in the art from 
this detailed description. 

According to an aspect of the present inven- 
tion, in a method of producing a semiconductor 

30 device, when a device is formed in a prescribed 
region of compound semiconductor layers includ- 
ing a low resistance layer which cannot be in- 
sulated by ion implantation, upper layers of the 
compound semiconductor layers including at least 

35 the low resistance layer are formed into a mesa 
shape by etching, and then ion implantation is 
performed to the compound semiconductor layers 
other than those beneath the mesa structure, 
whereby the device is completely isolated from 

40 other regions on the semiconductor substrate. 
Thus, the device formed on the substrate is iso- 
lated from other regions on the substrate using the 
mesa-etching and the ion implantation, so that a 
level difference on the substrate due to the device 

45 is within a range that does not adversely affect the 
subsequent process steps, for example, a step of 
producing electrodes. In addition, materials and 
compositions of the compound semiconductor lay- 
ers isolated by the mesa-etching are selected ac- 

50 cording to desired device characteristics, without 
paying consideration on the Insulation by ion im- 
plantation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

Figures 1(a) to 1(c) are diagrams illustrating a 
HEMT formed on an InP substrate included in a 
semiconductor device in accordance with a first 

3 
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embodiment of the present invention, in which 
figure 1(a) is a top plan view and figures 1(b) 
and 1(c) are sectional views taken along lines lb- 
lb and Ic-lc of figure 1(a), respectively: 
Figures 2(a) to 2(e) are sectional views illustrat- 
ing process steps in a method of producing the 
HEMT of figures 1(a) to 1(c); 
Figure 3 is a sectional view illustrating a HEMT 
formed on an InP substrate included in a semi- 
conductor device in accordance with a second 
embodiment of the present invention; 
Figures 4(a) and 4(b) are sectional views illus- 
trating a HEMT formed on an InP substrate 
included in a semiconductor device in accor- 
dance with a third embodiment of the present 
invention; 

Figures 5(a) to 5(c) are diagrams illustrating a 
HEMT formed on an InP substrate included in a 
prior art semiconductor device, in which figure 
5(a) is a top plan view and figures 5(b) and 5(c) 
are sectional views taken along lines Vb-Vb and 
Vc-Vc of figure 5(a). respectively; and 
Figures 6(a) to 6(d) are sectional views illustrat- 
ing process steps in a method of producing the 
HEMT of figures 5(a) to 5(c). 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Rgures 1(a) to 1(c) illustrate a HEMT formed 
on an InP substrate included in a semiconductor 
device in accordance with a first embodiment of 
the present invention, in which figure 1(a) is a top 
plan view and figures 1(b) and 1(c) are sectional 
views taken along lines Ib-Ib and Ic-lc of figure 1 - 
(a), respectively. In the figures, successively dis- 
posed on an InP substrate 1 are an i type InAIAs 
buffer layer 2. an i type InGaAs channel layer 3, an 
i type InAIAs spacer layer 4, an n type InAIAs 
electron supply layer 5, an i type InAIAs Schottky 
formation layer 6, an n type InAIAs layer 7, and an 
n type InGaAs contact layer 8a. Source and drain 
electrodes 9a and 9b are disposed on the n type 
InGaAs contact layer 8a and make an ohmic con- 
tact with the contact layer 8a. A recess 1 1 pene- 
trates through the n type InGaAs contact layer 8a 
and the n type InAIAs layer 7 to reach into the i 
type InAIAs Schottky formation layer 6. A gate 
electrode 10b having a width of 0.25 micron or 
below is disposed on the i type InAIAs Schottky 
formation layer 6 exposed on the bottom surface of 
the recess 11. Reference numeral 13 designates an 
insulating region for isolating the HEMT 100, which 
is formed by ion implantation. Source and drain 
regions are formed in the n type InAIAs layer 7. In 
addition, the i type InAsAs buffer layer 2 is 1000 - 
1500 angstroms thick, and each of the layers dis- 
posed on the buffer layer 2 is 100 ~ 400 angstroms 



thick. The resistance of the n type InGaAs contact 
layer 8d is reduced by Increasing carrier concen- 
tration thereof to 1 X Itf^/cm^ order, whereby the 
source and drain electrodes 9a and 9b can favor* 

5 ably make an ohmic contact with the contact layer 
8a. The contact layer 8a is patterned so that edges 
of the contact layer are aligned with edges of the 
Insulating region 13. 

A method of manufacturing the HEMT of fig- 
to ures 1(a) to 1(c) is illustrated in figures 2(a) to 2(d). 

Initially, as illustrated in figure 2(a), there are 
successively grown on on the InP substrate 1 , the i 
type InAIAs buffer layer 2, the i type InGaAs chan- 
nel layer 3, the i type InAIAs spacer layer 4, the n 

75 type InAIAs electron supply layer 5, the i type 
InAIAs Schottky formation layer 6. the n type In- 
AIAs layer 7. and the n type InGaAs contact layer 
8a. Preferably, these layers are grown by MOCVD. 
Then, a photoresist pattern 12 is formed on the n 

20 type InGaAs contact layer 8a by a conventional 
photolithographic technique. Then, using the 
photoresist pattern 12 as a mask, the n type In- 
GaAs contact layer 8a is selectively etched by wet 
etching using citric acid as an etchant. 

25 Thereafter, an ion implantation is performed 
using the photoresist pattern 12 as a mask to form 
the insulating region 13 penetrating through the 
semiconductor layers 2 to 7 and reaching into the 
InP substrate 1 as illustrated in figure 2(b). Here. 

30 the n type InGaAs layer 8a which is etched by the 
wet etching is a layer which cannot be insulated by 
ion implantation because of its high carrier con- 
centration that provides the low resistance of the 
layer. Preferably, one of hydrogen (H) Ion, boron 

35 (B) ion, and iron (Fe) ion, or a combination thereof 
is used as the ion implanted. 

After removing the photoresist pattern 12, the 
source and drain electrodes 9a and 9b comprising 
Au alloy or Ag alloy that make an ohmic contact 

40 with the n type InGaAs contact layer 8a are formed 
on the contact layer 8a and portions of the insulat- 
ing region 13 by lift-off. as illustrated in figure 2(c). 

Then, a recess etching is carried out from the 
surface of the contact layer 8a while measuring a 

45 current flowing between the source and drain elec- 
trodes 9a and 9b, whereby the thickness of the i 
type InAIAs Schottky formation layer 6 in a gate 
region is adjusted to a desired thickness, resulting 
in the recess 1 1 shown in figure 2(d). 

50 Then, as illustrated in figure 2(e), the gate 
electrode 10b having a width of 0.25 micron or 
below is formed on the Schottky formation layer 6 
exposed on the bottom of the recess 11 by lift-off. 
In the formation of the gate electrode 10b. an 

55 aperture width of a photoresist pattem used for 
selectively depositing an electrode metal on the 
bottom of the recess is 0.25 micron or below. 
However, during an exposure process for forming 
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the photoresist pattern, a difference in levels be- 
tween the surface of the insulating region 13 and 
the surface of the Schottky formation layer 6 ex- 
posed on the bottom of the recess 11 is in a range 
of 200 - 800 angstroms. Therefore, the pattem 5 
exposure is- carried out without reducing the resolu- 
tion and the exposure intensity, whereby a 
photoresist pattem with a uniform aperture width Is 
obtained. As the result, the gate electrode 10b 
having uniform width and thickness is formed with io 
no discontinuity at the edge of the insulating region 
13. At the same time, an electrode leading part 10a 
serving as a bonding pad is formed at an end of 
the gate electrode 10b. Then, wires from a device 
formed on the other region on the InP substrate 1 is 
or from an external device are bonded onto the 
bonding pad 10a. 

In the semiconductor device according to the 
first embodiment of the present invention, the up- 
permost layer of the HEMT 100, i.e.. the low resis- 20 
tance n type InGaAs contact layer 8a is isolated 
from other regions of the compound semiconductor 
layers by etching, and then the respective layers 
beneath the contact layer 8a are isolated by ion 
implantation, whereby the HEMT 100 is completely 25 
isolated on the InP substrate 1. In addition, when 
the gate electrode 10 having a width of 0.25 micron 
or below is formed on the i type InAIAs Schottky 
formation layer 6 exposed on the bottom surface of 
the recess 11, extending onto the surface of the 30 
insulating region 13 by lift-off. the difference in 
levels between the bottom of the recess and the 
surface of the insulating region 13 is within a range 
of 200 to 800 angstroms, resulting in a high dimen- 
sional precision of the aperture of the photoresist 35 
pattern for forming the electrode, and an electrode 
with uniform width and thickness is attained, with 
the result that characteristics of the HEMT are 
improved. 

While in the first embodiment the i type InAIAs 40 
buffer layer 2 is 1000 - 1500 angstroms thick, the 
buffer layer 2 may be thicker than 1500 angstroms 
because the increase in the thickness of the buffer 
layer 2 does not affect the difference in levels 
between the bottom surface of the recess 11 and 45 
the surface of the Insulating region 13. In this case, 
crystalllnities of the semiconductor crystal layers 3 
to 8a grown on the buffer layer 2 are improved, 
with a result that characteristics of the HEMT are 
further improved. so 

Figure 3 is a sectional view illustrating a HEMT 
formed on an InP substrate included in a semicon- 
ductor device in accordance with a second em- 
bodiment of the present invention. In figure 3, the 
same reference numerals as in figures 1(a) to 1(c) 55 
designate the same or corresponding parts, in this 
second embodiment, width of the n type InGaAs 
contact layer 8b of the HEMT 300 is narrower than 
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the width of the n type InGaAs contact layer 8a of 
the HEMT 100 of the first embodiment, the source 
and drain electrodes 9a and 9b are disposed over 
the n type InGaAs contact layer 8a. and intervals 
between the gate electrode 10b and the source 
and drain electrodes 9a and 9b are wider than 
those of the HEMT 100 of the first embodiment. 

A method of manufacturing the HEMT 300 is 
identical to that of the previously described first 
embodiment except that photolithography and etch- 
ing for reducing the width of the n type InGaAs 
contact layer 8b are carried out before the forma- 
tion of the source and drain electrodes 9a and 9b. 

According to the second embodiment of the 
present invention, the same effects as described in 
the first embodiment are obtained. In addition, 
since the width of the n type InGaAs contact layer 
8b is narrower and the inten/als between the gate 
electrode 10b and the source and drain electrodes 
9a and 9b are wider than those of the HEMT 100 of 
the first embodiment, a gate junction breakdown 
voltage is increased, with the result that the char- 
acteristics of the HEMT are further improved. 

Figure 4(a) Is a sectional view illustrating a 
HEMT formed on an InP substrate included in a 
semiconductor device in accordance with a third 
embodiment of the present invention, and figure 4- 
(b) is a sectional view taken along line IVb-IVb of 
figure 4(a). In these figures, the same reference 
numerals as in figures 1(a) to 1(c) designate the 
same or corresponding parts. Reference numeral 
13a designates an insulating region forrned by ion 
Implantation. 

In this structure, the semiconductor layers on 
the i type InAIAs buffer layer 2 are formed in a 
mesa shape by etching, and a prescribed region 
13a of the buffer layer 2 and the InP substrate 1 is 
insulated by Ion implantation, whereby the HEMT 
400 is isolated from other regions on the InP sub- 
strate 1. The gate electrode 10b having a width of 
0.25 micron or below Is disposed on the bottom 
surface of the recess 11 and extended onto the 
surface of the insulating region 1 3a. 

In producing the HEMT 400, time for the mesa- 
etching of the compound semiconductor crystal 
layers Is controlled in the step of figure 6(a) so as 
to stop the etching on the surface of the i type 
InAsAs buffer layer 2. and the insulating region 13a 
is formed by ion implantation. Thereafter, the 
source and drain electrodes 9a and 9b and the 
gate electrode 10b are formed to complete the 
HEMT 400. 

According to the third embodiment of the 
present invention, in the conventional mesa-etching 
step of figure 6(a), the etching time is controlled so 
that a level difference on the substrate may not 
exceed 0,2 micron, differently from the selective 
etching in the first and second embodiments of the 
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present invention. Therefore, the HEMT 400 which 
is completely isolated from other regions on the 
substrate Is achieved In a simple process. In addi- 
tion, the fine gate electrode 10b achieved in this 
embodiment has uniform width and continuity at 
the edge of the mesa structure because the dif- 
ference in levels between the surface of the insulat- 
ing region 13a and the bottom surface of the re- 
cess 11 is in a range of 400 to 1600 angstroms. 

While In the above-described first to third em- 
bodiments the ion implantation is performed after 
the mesa-etching of the compound semiconductor 
layers, this order may be reversed. 

While in the above-described first to third em- 
bodiments the HEMT is fomned on the InP sub- 
strate, the present Invention may be applied to 
other field effect transistors or other devices 
formed on semiconductor substrates comprising 
other materials. 

As is evident from the foregoing description, 
according to the present invention, when a device 
Is formed in a prescribed region of compound 
semiconductor layers Including a low resistance 
layer which cannot be insulated by Ion implanta- 
tion, upper layers of the compound semiconductor 
layers including at least the low resistance layer 
are formed Into a mesa shape by etching, and ion 
implantation Is earned out into the compound semi- 
conductor layers other than those beneath the 
mesa structure, whereby the device is completely 
isolated from other regions on the semiconductor 
substrate. Therefore, a device structure with a 
small level difference Is attained, resulting in a 
high-performance device. 

In addition, according to the present invention, 
materials and compositions of the compound semi- 
conductor layers isolated by the mesa-etching are 
selected according to desired device characteris- 
tics without paying considerations on the insulation 
by ion implantation. Therefore, the degree of free- 
dom in selecting materials and compositions of the 
compound semiconductor layers formed on the 
semiconductor substrate Increases, resulting In a 
high-performance device. 

Claims 

1. A semiconductor device comprising: 

a semiconductor substrate; 

compound semiconductor layers disposed 
on said semiconductor substrate; 

a device formed in a prescribed region of 
said compound semiconductor layers: 

upper layers of said compound semicon- 
ductor layers being isolated from other regions 
on said semiconductor substrate by mesa- 
etching; and 

lower layers of said compound semlcon- 
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ductor layers being isolated from other regions 
on said semiconductor substrate by an insulat- 
ing region formed around said lower layers by 
Ion implantation. 

5 

2. The semiconductor device of claim 1 wherein 
said upper layers of said compound semicon- 
ductor layers include a low resistance layer 
which cannot be insulated by ion implantation. 

10 

3. The semiconductor device of claim 2 wherein 
a low resistance layer for producing an ohmic 
contact, which cannot be insulated by ion im- 
plantation, is present at the top of the com- 

IB pound semiconductor layers. 

4. The semiconductor device of claim 3 wherein 
said low resistance layer Is an n type InGaAs 
layer. 

20 

5. The semiconductor device of claim 1 wherein 
a difference in levels between a surface on 
which an electrode of said device is disposed 
and the surface of said insulating region on 

25 which a portion of said electrode Is disposed Is 
below 0.2 micron. 

6. The semiconductor device of claim 5 wherein 
said device Is a field effect transistor and said 

30 electrode is a gate electrode. 

7. A method of producing a semiconductor de- 
vice, comprising: 

successively growing compound semicon- 
35 ductor layers on a semiconductor substrate; 

forming a photoresist pattern with a pre- 
scribed width on a region of said compound 
semiconductor layers where a device is to be 
formed; 

40 etching said upper layers of said com- 

pound semiconductor layers in a mesa shape 
using said photoresist pattern as a mask; and 

Insulating a prescribed region of said com- 
pound semiconductor layers by ion implanta- 

45 tion to Isolate the region where the device is to 
be formed from other regions on the semicon- 
ductor substrate. 

a The method of claim 7 wherein upper layers of 
50 said semiconductor layers Include a low resis- 
tance layer that cannot be Insulated by ion 
implantation. 

9. The method of claim 8 wherein said low resis- 
55 tance layer that cannot be insulated by Ion 

implantation is a low resistance layer for pro- 
ducing an ohmic contact and disposed at the 
top of the compound semiconductor layers. 

6 
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10. The method of claim 7 wherein one of hy- 
drogen ion, boron ion, and iron ion. or a com- 
bination thereof is used in said ion implanta- 
tion. 

5 

11. The method of claim 9 wherein said low resis- 
tance layer for ohmic contact is an n type 
InGaAs layer. 

12. The method of claim 7 wherein said compound io 
semiconductor layers are etched In a mesa 
shape so that a difference in levels between a 
surface on which an electrode of said device is 
disposed and a surface of said region insulated 

by ion implantation may be below 0.2 micron. 75 

13. The method claim 11 wherein said device is a 
field effect transistor and said electrode Is a 
gate electrode. 
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quent process steps, for example, a step of producing 
electrodes. In addition, materials and compositions of 
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characteristics without palying considerations on the 
insulation by Ion implantation, Therefore, a degree of 
freedom in selecting materials and compositions of the 
compound semiconductor layers formed on the semi- 
conductor substrate increases, resulting In a high-per- 
formance device. 
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